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Abstract:A new 16-channel optical add-drop multiplexer (OADM), which consists of one planar waveguide con-
cave grating, two main ports, coupled waveguides, sixteen add ports, sixteen drop ports, and sixteen sets of 2× 2
switches, is proposed. The transmission characteristics of the light detected at the output waveguide are simulated
by using a design example. The on-off crosstalks are less than−35.17 dB with the insertion losses of 4.71 to 4.83
dB.
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1 Introduction

Wavelength division multiplexing systems use each
wavelength signal as a separate channel. Wavelength
signals can be coupled into and dropped out of the
fiber by a multiplexer and a demultiplexer. The func-
tions of an optical add-drop multiplexer (OADM) is
to transmit and drop the wavelength signals selec-
tively. In a conventional design, an OADM consists of
arrayed-waveguide gratings (AWGs) [1, 2]. However,
AWGs encounter the inherent limits due to the larger
die size and the lower free spectral range [3]. In this
paper, a new OADM consisting of a planar waveguide
concave grating is proposed to remedy these disadvan-
tages of AWGs.

The schematic configuration of the 16-channel
OADM is shown in Fig. 1. It consists of one planar
waveguide concave grating, two main ports, coupled
waveguides, sixteen add ports, sixteen drop ports, and
sixteen sets of 2× 2 switches. 16 wavelength signals,
λ1, λ2,...λ16, transmitted by the main port (left-side)
are demultiplexed by the concave grating and then
coupled into the 2× 2 switches while 16 waveguide
signals,λ′

1
, λ′

2
,...λ′

16
, with the same channel spacing

are coupled into the corresponding add ports at the
same time. After transmitting and dropping the sig-
nals selectively by the 2× 2 switches, the signals are
multiplexed by the concave grating and then coupled
into the main port (right-side) again. In this paper, a
concave grating with specifically designed tilt angles
of both sides for each grating facet is proposed.

Figure 1: Schematic configuration of the 16-channel
optical add-drop multiplexer system.

2 Design Formula

If the input waveguide (left-side main port) and the
coupled waveguide (left-side) are located at (a1, b1)
and (a2, b2) as shown in Fig. 2, the output waveg-
uide (right-side main port) and the coupled waveguide
(right-side) are located at (−a1, b1) and (−a2, b2),
respectively. Using the recursive-definition method
[4, 5], the free-aberration position of each groove is
determined from the solution for the root of the fol-
lowing function:

F (xi, yi) = r1,i + r2,i + imλ0/neff − r1,0 − r2,0 = 0,
(1)

6th WSEAS International Conference on SYSTEM SCIENCE and SIMULATION in ENGINEERING, Venice, Italy, November 21-23, 2007     376



where (xi, yi) denotes the position of the vertex for
the ith groove,rj,i denotes the distance between (aj ,
bj) and (xi, yi), m denotes the diffraction order,λ0

denotes the design wavelength, andneff denotes the
effective index in the slab waveguide. The optimum
tilt angleθi of theith grating facet with respect to the
x-axis can be obtained as [4]

θi = tan−1

(

−

a1−xi

r1,i
+ a2−xi

r2,i

b1−yi

r1,i
+ b2−yi

r2,i

)

. (2)

The optimum tilt angleϕi of the other side for theith
grating facet with respect to thex-axis can be obtained
as

ϕi = tan−1

(

−

−a1−xi

r1,i
+ −a2−xi

r2,i

b1−yi

r1,i
+ b2−yi

r2,i

)

. (3)

Figure 2: Schematic figure of the light diffracted by
the concave grating.

In our simulation, a Gaussian field model [6]
launched from the input waveguide is diffracted by the
concave grating, refocused at the imaging curve, and
guided into different coupled waveguides according
to the corresponding wavelengths. After transmitting
and dropping wavelength signals selectively by the 2
× 2 switches, the reverse function takes place by the
same grating. The imaging equation for the concave
grating has the following form:

cos α

R
−

cos2 α

r1,0

+
cos β(f)

R
−

cos2 β(f)

r2,0(f)
= 0, (4)

where α and β denote the incident angle and the
diffraction angle of the input Gaussian beam at the
grating pole, respectively, andR is the effective ra-
dius of the grating.

The spectral response of each coupled waveguide
can be obtained from the following overlap integral of

the imaging fieldE1 with mode fieldE2 of the cou-
pled waveguide:

I(f) =

∣

∣

∫

E1(f, x′′) · E∗

2
(f, x′′)dx′′

∣

∣

2

∫

|E1(f0, x′′)|2 dx′′ ·
∫

|E2(f0, x′′)|2 dx′′

·Γ,

(5)
whereΓ denotes the loss attributed to the grating or
the waveguide including the undesired-order loss and
the propagation loss. When all 2× 2 switches are
off, the transmission characteristicT (f) of the light
detected at the main port (right-side) in Fig. 1 can be
obtained as

T (f) =
∑

j

Ij(f) · I ′j(f) (6)

where Ij(f) denotes the spectral response for the
main port (left-side) incidence to thejth coupled
waveguide (left-side) andI ′j(f) denotes the spectral
response for the main port (right-side) incidence to
thejth coupled waveguide (right-side). When the se-
lectedjth switch is turned on, the selectedjth signal
is extracted from the main port to the drop port [2].
And Ij(f) in (6) will be exchanged with the spectral
responseIadd,j(f)of thejth add port.

3 Design Example
For a design example, the waveguide consists of a 6-
µm-thick SiON core layer with an upper 6-µm-thick
and a lower 10-µm-thick SiO2 cladding layers. The
side views of the channel waveguide and the slab
waveguide is shown in Fig. 3. The grating can be
achieved by etching a trench to the lower cladding
layer and then coated with metal at the back wall.
The refractive indices of SiO2 and SiON are 1.450
and 1.456, respectively, and the refractive index of
the silicon substrate is 3.476 at a design wavelength
of 1550.12 nm. Using the transfer matrix method
[7], the effective indices of TE and TM modes are
1.45393 and 1.45392 with the propagation losses, ob-
tained from the imaginary parts of the effective in-
dices, of 4.90× 10−3 dB/cm and 2.75× 10−2 dB/cm,
respectively.

There are 16 channels in the C-band with a chan-
nel spacing of 0.4 nm (50 GHz) according to ITU
grids [8]. We take the TE mode for example so the ef-
fective index of the slab waveguide is 1.45393 at a de-
sign wavelength of 1550.12 nm. The grating period is
d = 10 µm operating at the diffraction orderm = 16
with a free spectral range of 96.88 nm.α = 60◦ is
the incident angle for the main port (left-side) with a
diffraction angleβ = 57.12◦. The distance from the
end of the input waveguide (left-side main port) to the
grating pole isr1,0 = 25000µm and the distance from
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Figure 3: Side views of the channel waveguide (left)
and the slab waveguide (right).

the coupled waveguide (left-side) of the central chan-
nel to the grating pole isr2,0 = 25000µm as shown in
Fig. 2. The grating is designed for the main port (left-
side) incidence to the coupled waveguide (left-side)
of the central channel.α′ = −60◦ is the incident angle
for the main port (left-side) with a diffraction angle
β′ = −57.12◦. The distance from the output waveg-
uide (right-side main port) to the grating pole isr′

1,0 =
25000µm and the distance from the coupled waveg-
uide (right-side) of the central channel to the grating
pole isr′

2,0 = 25000µm. The total number of grating
periods is calculated to be 885 with an effective radius
of the gratingR = 47754µm from (4). The total de-
vice size is 70× 46 mm2 with a separation between
two neighbor coupled waveguides of 1000µm.

Assuming no scattering loss and side-wall tilt loss
at the grating facet, the spectral responsesIj of 16
channels for the main port (left-side) incidence to
the corresponding coupled waveguides (left-side) are
shown in Fig. 4. The insertion loss of the central
channel is 2.37 dB, which includes the excess loss,
the coupling loss from the slab waveguide to the out-
put channel waveguide, and the undesired-order loss,
the loss for the diffraction of the light into undesired
adjacent orders. The propagation loss is negligible
in our case. The spectral responsesI ′j for the main
port (right-side) incidence to the coupled waveguides
(right-side) are shown in Fig. 5. The insertion loss of
the central channel is 2.40 dB.

When the switches SW2, SW5, SW6, SW8, SW9,
SW12, SW15, and SW16, for example, are turned on,
the selected signals are extracted from the main port to
the drop port and the transmission characteristicT (f)
in (6) is shown in Fig. 6. Here, the signals from the
add port are not considered and the background noise
is set to be lower than−40 dB. The insertion losses
and the on-off crosstalks caused by the switches are
not considered. It shows that the on-off crosstalks are
less than−35.17 dB with the insertion losses of 4.71

to 4.83 dB. The proposed scheme is feasible for the
design of an OADM due to the smaller die size of
70× 46 mm2, the higher free spectral range of 96.88
nm, and the higher spectral resolution for the channel
spacing of 0.4 nm (50 GHz) compared with [2].
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Figure 4: 16-channel spectral responsesI(f) for the
main port (left-side) incidence to the coupled waveg-
uides (left-side).

-400 -300 -200 -100 0 100 200 300 400 500
-50

-40

-30

-20

-10

0

I'j
( f

 ) 
(d
B
)

f  f0 (GHz)

Figure 5: 16-channel spectral responsesI ′(f) for the
main port (right-side) incidence to the coupled waveg-
uides (right-side).

4 Conclusion
In this paper, an optical add-drop multiplexer con-
sisting a planar waveguide concave grating is pro-
posed. The transmission characteristicsT (f) is sim-
ulated with a design example. The on-off crosstalks
are less than−35.17 dB with the insertion losses of
4.71 to 4.83 dB. Simulation results show that the pro-
posed scheme is feasible for the design of an OADM
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Figure 6: Transmission characteristicsT (f) detected
at the main port (right-side).

and will be widely used in all-optical WDM systems
due to its good performance.
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